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,QWURGXFWLRQ
'HVSLWH WKH UHGXFWLRQ RI LQGLYLGXDO YHKLFOHV FRQVXPSWLRQ UDWH ZLWK WKH LQWURGXFWLRQ RI QHZ





PRGHOGHQRWHG WKH97PDFURPRGHO7KLVPRGHO UHVXOWV IURPWKHFRXSOLQJEHWZHHQPDFURVFRSLF WUDIILF
IORZPRGHO0(7$1(7DQGPLFURVFRSLFHPLVVLRQDQGIXHOFRQVXPSWLRQPRGHO97PLFUR5DNKDHWDO
SUHVHQW WKH ,17(*5$7,21PLFURVFRSLF WUDIILF VLPXODWLRQ IUDPHZRUN IRUPRGHOLQJHFRURXWLQJ
VWUDWHJLHV DQG WKH UHODWHG VDYLQJV LQ IXHO FRQVXPSWLRQ <X  SUHVHQWV WKH GHYHORSPHQW RI WKH




7KH SRLQW KHUH LV WKDW QRQH RI WKH WUDIILF IORZPRGHOV SURGXFHV UHDO WUDMHFWRULHV EXW RQO\ VLPSOLILHG
RQHV7KHLU RXWSXWV DUH VLPSOLILHG WUDMHFWRULHV EDVHG RQ VLPSOLVWLF NLQHPDWLF UXOHV EHFDXVH WKH\PDLQO\




WKH $57(0,6 GDWDEDVH $57(0,6 SURMHFW¶V UHSRUW  7KH ILUVW VWHS FRQVLVWV LQ VHOHFWLQJ DQG
SURFHVVLQJ WKHVH F\FOHV WR REWDLQ D UHIHUHQFH VHW RI VXEF\FOHV $ VXEF\FOH SURYLGHV WKH HYROXWLRQ RI
VSHHGZLWKUHVSHFWWRWLPHEHWZHHQWZRVWRSVORQJHUWKDQVL[VHFRQGV,QWKHQH[WVWHSDJHQHWLFDOJRULWKP
LV DSSOLHG RQ WKHVH VXEF\FOHV WR REWDLQ WKH SLHFHZLVH OLQHDU DSSUR[LPDWLRQV LH D VSHHG SURILOHVZLWK
SLHFHZLVH FRQVWDQW DFFHOHUDWLRQZLWK D JLYHQ QXPEHU RI DFWLRQSRLQWV$Q DFWLRQ SRLQW LV GHILQHG DV D
SRLQWZKHUHDFKDQJH LQDFFHOHUDWLRQ LVREVHUYHG LH DSRLQWZKHUH WKH MHUN LVQRWQXOO DFFHOHUDWLRQ WR
GHFHOHUDWLRQRUYLFHYHUVD5HGXFLQJWKHQXPEHURIVXFKSRLQWVOHDGVWRVHYHUDOOHYHOVRIVLPSOLILFDWLRQ
6LPSOLILFDWLRQV UHPRYH WKHQRLVHREVHUYHG LQ UHDO VXEF\FOHVDQGPDNH WKHVH VXEF\FOHVFORVHU WR WKRVH
SURGXFHG E\ WUDIILF IORZPRGHOV+RZHYHU GLIIHUHQW DFFHOHUDWLRQ YDOXHV LQ D VDPH JOREDO DFFHOHUDWLRQ
SKDVHDUHDOORZHG7KHUHVXOWLQJVLPSOLILHGVXEF\FOHVGRQRWWKHQVWULFWO\FRUUHVSRQGWRZKDWZRXOGEH
REVHUYHGDVDQRXWSXWRID WUDIILFPRGHO+RZHYHU WKLVJLYHVD ILUVWSURVSHFWLYH ORRNRI WKH LPSDFWVRQ
IXHOFRQVXPSWLRQZKHQNLQHPDWLF VLPSOLILFDWLRQVDUHPDGH1RWH WKDWZHFKRVH WRVLPSOLI\UHDOGULYLQJ
F\FOHV UDWKHU WKDQ PDNLQJ VLPXODWHG GULYLQJ F\FOHV ORRN UHDO EHFDXVH WKHUH LV WR RXU NQRZOHGJH QR
H[LVWLQJVLPSOHPHWKRGRORJ\IRUWKLVUHYHUVHWUDQVIRUPDWLRQ
)XHO FRQVXPSWLRQ IRU RULJLQDO DQG VLPSOLILHG VXEF\FOHV LV WKHQ FRPSXWHG XVLQJ WKH 9HKOLE OLEUDU\
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0DWHULDOVDQG0HWKRGV
'DWDSURFHVVLQJ
 XUEDQ GULYLQJ F\FOHVZHUH VHOHFWHG IURP$57(0,6 UHDOZRUOG GULYLQJ F\FOHV IRU SDVVHQJHU FDUV
$57(0,6SURMHFWUHSRUW7KH\DUHGLYLGHGLQVXEF\FOHVE\LGHQWLI\LQJVWRSVWKDWODVWDWOHDVW
VHFRQGV$FOXVWHUDQDO\VLVKDVEHHQSHUIRUPHGWRGHILQHKRPRJHQHRXVJURXSVRIVXEF\FOHVLQWHUPV
RI WUDIILFFKDUDFWHULVWLFV LQRUGHU WRUHGXFH WKHGDWDEDVHVL]H7KHFRQVLGHUHGPDLQ WUDIILFFKDUDFWHULVWLFV
IRUWKLVFOXVWHULQJDQDO\VLVDUHWUDYHOWLPHGLVWDQFHWUDYHOHGVWRSGXUDWLRQPD[LPXPDQGDYHUDJHVSHHG
DQGPD[LPXPDFFHOHUDWLRQDQGGHFHOHUDWLRQ)RUHDFKJURXSRIVXEF\FOHVWKHPRVWGLIIHUHQWVXEF\FOHV








WRWDO QXPEHU RI WLPH SRLQW LV HTXDO WR WKH GXUDWLRQ RI WKH VXEF\FOH 7KH JHQHWLF DOJRULWKP WULHV WR
PLQLPL]HWKH506(EHWZHHQWKHRULJLQDODQGWKHVLPSOLILHGVXEF\FOH
7KHDOJRULWKPLVGHILQHGE\WKHSDUDPHWHUVGHVFULEHGKHUHDIWHU7KHSRSXODWLRQVL]HLVDGDSWHGWRWKH
FRQVLGHUHG QXPEHU RI DFWLRQV SRLQWV $3 $ VDPSOH RI WKLV SRSXODWLRQ LV GHILQHG E\ WKH OLVW RI WKH
SRVLWLRQVLQWLPHRIWKHDFWLRQSRLQWV'XULQJWKHUHSURGXFWLRQVWHSWZRFURVVRYHUVDUHFRQVLGHUHG7KH\
DUH GHILQHG E\ WKH QXPEHU RI $3 EHIRUH WKH FURVVRYHU SRVLWLRQV 7KH PLQLPDO FRQVLGHUHG QXPEHU IRU
DFWLRQSRLQWVLVVL[7KHSRVLWLRQVRIFURVVRYHUVGHSHQGRQWKHQXPEHURI$3VHH7DEOH
7DEOH3RSXODWLRQVL]HDQGFURVVRYHUSRVLWLRQVZLWKUHVSHFWWRWKHQXPEHURI$3
3DUDPHWHU $3 $3 $3
3RSXODWLRQVL]H   
&URVVRYHUSRVLWLRQ   
&URVVRYHUSRVLWLRQ   

7ZRNLQGVRIPXWDWLRQVDUHSRVVLEOHPLQRUPXWDWLRQFRUUHVSRQGVWRWKHLQFUHPHQWDWLRQRI$3SRVLWLRQ








RQ D F\EHUQHWLF UHSUHVHQWDWLRQ RI WKH YHKLFOH LH WKH YHKLFOH LV YLHZHG DV D VHW RI VXEV\VWHPV 7KH
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YHKLFOH LV WKXV GHFRPSRVHG LQWR GLIIHUHQW XQLWV WKDW DUH VHSDUDWHO\ PRGHOHG 7KH LQWHUDFWLRQV EHWZHHQ
XQLWV UHVSHFW D VWULFW IRUZDUG ORRNLQJ DSSURDFK 75,*8, HW DO  9,127 HW DO  9(+/,%
PRGHOVDUHYDOLGDWHGE\PHDVXUHVRQHQJLQHWHVWVWDQGDQGRQFKDVVLVG\QR
,QWKLVVWXG\IXHOFRQVXPSWLRQIRURULJLQDODQGVLPSOLILHGVXEF\FOHVZDVFRPSXWHGXVLQJDVLPSOLILHG
EDFNZDUG DSSURDFK GHULYHG IURP9(+/,% OLEUDU\:KLOH9(+/,% VLPXODWHVPDQ\ W\SHV RI SDVVHQJHU
FDUVZHRQO\FRQVLGHURQHYHKLFOH LQ WKLVZRUN LHDFRQYHQWLRQDOGLHVHO&OLR,,HTXLSSHGZLWKD/
'&,HQJLQH
'DWDDQDO\VLV
7KH VWXG\ RI WKH LPSDFWV RI WKH VLPSOLILFDWLRQV LV GHFRPSRVHG LQ WZR SDUWV )LUVW WKH ZKROH VHW RI







7KH DYHUDJH VSHHG LV NPK DQG WKHPD[LPXPRQH LV NPK $IWHU VLPSOLI\LQJ  VLPSOLILHG
VXEF\FOHVDUHREWDLQHGZLWK WKHJHQHWLFDOJRULWKPDQGGLIIHUHQW OHYHOV IRU WKHQXPEHURIDFWLRQSRLQWV
7KHIROORZLQJSDUDPHWHUVDUHFDOFXODWHGIRUHDFKVXEF\FOH
x 7KHVWDQGDUG UHODWLYHHUURURQ WKH IXHOFRQVXPSWLRQHVWLPDWLRQ >)&HUURU@  LWFRUUHVSRQGV WR WKH
UHODWLYHGLIIHUHQFHEHWZHHQIXHOFRQVXPSWLRQRQWKHRULJLQDODQGWKHVLPSOLILHGVXEF\FOHV
x 7KHUHGXFWLRQLQWKHQXPEHURIDFWLRQSRLQWV>$3UHGXFWLRQ@LWFRUUHVSRQGVWRWKHUHODWLYHSRVLWLYH
GLIIHUHQFHEHWZHHQ WKHDFWLRQSRLQWV¶QXPEHU LQ WKHVLPSOLILHGVXEF\FOHDQG WKH WRWDO WLPHSRLQWV LQ
WKHRULJLQDORQH
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$W WKLV OHYHO RQO\ WKH KLJK IUHTXHQF\EXW ORZDPSOLWXGH QRLVH LV HOLPLQDWHG7KH LQWHUPHGLDU\ OHYHO LV
ERXQGHG E\ 506( YDOXHV ORZHU WKDQ NPK ,W FRUUHVSRQGV WR $3 UHGXFWLRQ EHWZHHQ  DQG
7KHDYHUDJH506(LVHTXDOWRNPKWKH506(LQFUHDVHVEHWZHHQDQGNPK7KH
YDULDWLRQVRIDFFHOHUDWLRQVDUHPRUHVPRRWKHGWKDQDWWKHILQHOHYHO7KHFRDUVHOHYHOFRUUHVSRQGVWR$3
UHGXFWLRQKLJKHU WKDQDQG506( ORZHU WKDQNPK7KH DYHUDJH506( LV HTXDO WRNPK
WKH506(LQFUHDVHVEHWZHHQDQGNPK7KHVLPSOLILHGF\FOHVKDYH ORQJHUSKDVHVRIFRQVWDQW
DFFHOHUDWLRQ WKDQ ERWK SUHYLRXV OHYHOV  RI GDWD FRUUHVSRQGV WR WKH ILQH OHYHO  WR WKH
LQWHUPHGLDU\OHYHODQGWRWKHFRDUVHOHYHO
)URP WKHGDWD VHW WKH LQFUHDVHRI$3 UHGXFWLRQ UHVXOWV LQDQH[SRQHQWLDO LQFUHDVHRI WKH506(WKH
DYHUDJH 506( LV HTXDO WR NPK +LJK YDOXHV RI 506( WKH 506( KLJKHU WKDQ NPK OHDG WR
VLPSOLILHGVXEF\FOHVWKDWDUHIDUDZD\IURPWKHRULJLQDOV7KHVHNLQGVRIVLPSOLILFDWLRQDUHQRWUHOHYDQW
IRU RXU VWXG\ DQG WKH FRUUHVSRQGLQJ VXEF\FOHV KDYH EHHQ GLVUHJDUGHG ,W FRUUHVSRQGV WR  RI
VLPSOLILHGVXEF\FOHV






VLJQLILFDQWO\ VLPSOLI\ WKH UHDO VXEF\FOH ZLWKRXW LQWURGXFLQJ FULSSOLQJ ELDV LQ IXHO FRQVXPSWLRQ
HVWLPDWLRQ7KLVILUVWUHVXOWVKRXOGEHFRQILUPHGZLWKDUHILQHDQDO\VLV
0LFURDQDO\VLV
:H QRZ VWXG\ VRPH SDUWLFXODU VXEF\FOHV DQG LQYHVWLJDWH WKH HYROXWLRQ RI IXHO FRQVXPSWLRQ ZLWK
UHVSHFW WR WLPH 7R HPSKDVL]H WKH GLIIHUHQFH LQ IXHO FRQVXPSWLRQ ZH ZLOO IRFXV RQ WKH FXPXODWLYH
FRQVXPSWLRQZLWKUHVSHFWWRWLPHIRUVLPSOLILHGDQGRULJLQDOSDWWHUQV:KHQWKHVHWZRFXUYHVGLYHUJHLW
PHDQV WKDW WKH NLQHPDWLF VLPSOLILFDWLRQV LPSO\ D VLJQLILFDQW HUURU 7KLV HUURU PD\ L QHYHU EH
FRPSHQVDWHGDQGWKHQSOD\DVLJQLILFDQWSDUWRIWKHWRWDO)&HUURULLEHTXLFNO\FRPSHQVDWHGLQWKHVDPH
GULYLQJSKDVHDFFHOHUDWLRQGHFHOHUDWLRQRUFUXLVLQJRULLLEHFRPSHQVDWHGEXWODWWHU LQVXEF\FOH:H




















VXEF\FOHV7KHPHDQ)&HUURUYDOXHVDQGERXQGHQFRPSDVVLQJRI WKH VWXGLHG VXEF\FOHVDUHDOVR
UHSUHVHQWHGLQWKLVILJXUH
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XVH OHWWHU DIWHU WKH VXEF\FOH ,' VHH )LJ  6XEF\FOH D FRUUHVSRQGV WR D ILQH VLPSOLILFDWLRQZLWK D
FXPXODWLYHFRQVXPSWLRQFXUYHFORVHWRWKHRULJLQDO7KHUHVXOWLQJ)&HUURULVORZ)RUVXEF\FOH
E WKH PD[LPDO VSHHG LV QRW UHDFKHG DW WLPH V LQ WKH VLPSOLILHG VXEF\FOH 7KH FXPXODWLYH IXHO
FRQVXPSWLRQDW WKHHQGRI WKHDFFHOHUDWLRQSKDVH LV WKHQXQGHUHVWLPDWHG7KLVFRUUHVSRQGV WRD W\SH L
HUURULHWKHFRQWULEXWLRQRIWKLVHUURURQWKHWRWDOHUURULVHTXDOWR0RUHRYHUWKHVLPSOLILFDWLRQ
EHWZHHQDQGVUHSODFHVWKHRULJLQDOVSHHGSURILOHE\DSKDVHRQFRQVWDQWDQGORZDFFHOHUDWLRQ7KH
LQLWLDO VSHHG LV NPK DQG LQFUHDVHV XQWLO NPK 7KLV VLPSOLILFDWLRQ KDV ORZ LPSDFW RQ IXHO
FRQVXPSWLRQ
7KHGLIIHUHQW OHYHOV RI VLPSOLILFDWLRQ IRU VXEF\FOH VKRZ WKDW NLQHPDWLF HUURUV GXULQJSKDVHZLWK
]HUR VSHHG LQGXFHV VLJQLILFDQW HUURUV RQ IXHO FRQVXPSWLRQ VHH WLPH  WR V DQG WLPH  WR V$V
UHVXOW WKHVH VLPSOLILFDWLRQV RYHUHVWLPDWH WKH IXHO FRQVXPSWLRQ IRU VXEF\FOHV D DQG E 7KH
VLPSOLILFDWLRQVRIWKLVILUVWSKDVHDUHWKHVDPHIRUVXEF\FOHVDDQGE+RZHYHUDVWKLVVLPSOLILFDWLRQ
GRHV QRW FDXVH D ORFDO HUURU LQ VXEF\FOH E ZH FDQ FRQFOXGH WKDW LW LV FRUUHFWHG E\ DQRWKHU




F WKH FRPELQDWLRQ RI WKH VLPSOLILFDWLRQV LQFOXGLQJ WKH VLPSOLILFDWLRQ RI WKH VHFRQG SKDVH RQ ]HUR
VSHHG UHVXOWV LQ D ORZ )& HUURU  7KH VLPSOLILFDWLRQ RI WKH GLVFRQWLQXRXV GHFHOHUDWLRQ SKDVH
EHWZHHQDQGVLQVXEF\FOHVDDQGFGRHVQRWLPSDFWWKHFXPXODWLYHFRQVXPSWLRQFXUYH
,Q VXEF\FOH D WKH GHFHOHUDWLRQ SKDVH WKDW VWDUWV DW LQVWDQW V KDV VDPHPD[LPDO VSHHG WKDW WKH
RULJLQDO EXW UHDFKHV KLJKHUPLQLPXP VSHHG7KLV ODVW SRLQW LV DQWLFLSDWHG LQ WLPH LQVWDQW HTXDO WR V
LQVWHDG RI V DQG WKH IXHO FRQVXPSWLRQ IRU WKH QH[W DFFHOHUDWLRQ SKDVH LQFUHDVHV HDUOLHU'XULQJ WKLV
GHFHOHUDWLRQSKDVH WKHFRQVXPSWLRQFXUYHUHPDLQVFORVH WR WKHRULJLQDOEHFDXVHPD[LPDOVSHHGVDUH WKH
VDPH
$GGLWLRQDOO\ WKHVLPSOLILHGVXEF\FOHVDDQGEKDYHHUURUFRPLQJIURPWKHVLPSOLILFDWLRQRIWKH
RVFLOODWLRQ EHWZHHQ  DQG V LQ RULJLQDO VXEF\FOH 7KH RVFLOODWLRQ FRUUHVSRQGV WR DQ DFFHOHUDWLRQ
IROORZHGE\DGHFHOHUDWLRQSKDVH,QVXEF\FOHELWLVUHSODFHGE\DFRQVWDQWDFFHOHUDWLRQSKDVHEHWZHHQ
DQGV,QVXEF\FOHELWLVDOVRUHSODFHGE\DFRQVWDQWDFFHOHUDWLRQSKDVHEXWORQJHUIURPWLPHV
WR V%RWK VLPSOLILFDWLRQV FRQWULEXWH WR WKH )& HUURU KLJKHU LQ VXEF\FOH E WKDQ LQ VXEF\FOH D
5HGXFLQJ WKH PD[LPDO VSHHG DW V LQ VXEF\FOH E DOVR KDV JUHDW LPSDFW RQ )& HUURU 7KH
VLPSOLILFDWLRQVPDGHIURPWKHLQVWDQWVKDYHORZLPSDFWRQIXHOFRQVXPSWLRQLQERWKVLPSOLILFDWLRQV
&RQFOXVLRQ
7KLV SDSHU WULHV WR FKDUDFWHUL]H KRZ VLPSOLILFDWLRQV RQ YHKLFOH VSHHG SURILOHV LQIOXHQFH WKH IXHO
FRQVXPSWLRQ 6LPSOLILFDWLRQV IURP UHDO GULYLQJ F\FOHV DUH REWDLQHG WKURXJK D JHQHWLF DOJRULWKP WKDW
SURJUHVVLYHO\ UHGXFHV WKH QXPEHU RI SRVVLEOH DFWLRQ SRLQWV 7KH IXHO FRQVXPSWLRQ LV HVWLPDWHG XVLQJ
9(+/,%OLEUDU\
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)LUVW WKH LPSDFWV RI VLPSOLILFDWLRQV KDYHEHHQ HYDOXDWHG DW DPDFUR OHYHO$OO VXEF\FOHVKDYHEHHQ
VLPSOLILHG ZLWK GLIIHUHQW YDOXHV RI WKH $3 UHGXFWLRQ 5HVXOWV VKRZ WKDW DQ LQFUHDVH LQ $3 UHGXFWLRQ
QHJDWLYHO\ LQFUHDVHV WKH )& HUURUV HVSHFLDOO\ IRU WKH FRDUVH OHYHO LH WKH VLPSOLILFDWLRQ WHQGV WR
XQGHUHVWLPDWH WKH IXHOFRQVXPSWLRQ7KH)&HUURU LVHTXDO WR ,W LVHTXDO WR IRU WKH ILQH
OHYHO$3UHGXFWLRQIRUWKHLQWHUPHGLDU\OHYHO$3UHGXFWLRQEHWZHHQDQG
DQGIRUWKHFRDUVHOHYHO$3UHGXFWLRQ!DQG506(NPK
$FRPSOHPHQWDU\DQDO\VLVKDVGHWHUPLQHGZKLFKNLQGVRI VLPSOLILFDWLRQKDYH WKHPDLQ LQIOXHQFHRQ
WKH IXHO FRQVXPSWLRQ 7KLV LV DFKLHYHG E\ VWXG\LQJ WKH HYROXWLRQ RI IXHO FRQVXPSWLRQ RYHU WLPH
FXPXODWLYHIXHOFRQVXPSWLRQZLWKUHVSHFWWRWLPH7KHWLPHZKHQWKHFXPXODWLYHFRQVXPSWLRQFXUYHRI
WKH VLPSOLILHG VXEF\FOH PRYHV DZD\ IURP WKH RULJLQDO UHSUHVHQWV D ORFDO HUURU RQ IXHO FRQVXPSWLRQ
HVWLPDWLRQ7KHORFDOL]DWLRQRIWKHVHVSHFLILFHUURUVFDQWKHQEHLQYHVWLJDWHGRQWKHVSHHGSURILOH
7KLVVWXG\VKRZVWKDWE\UHGXFLQJWKHQXPEHURIDFWLRQIURPWKHRULJLQDOF\FOHWKHJHQHWLFDOJRULWKP
ILUVW HOLPLQDWHV KLJK IUHTXHQF\ EXW ORZHUV DPSOLWXGH QRLVH ,QGHHG YDULDWLRQV LQ DFFHOHUDWLRQ DUH
VPRRWKHG 7KH DFFHOHUDWLRQ SKDVHV DUH WKHQ UHSURGXFHGZLWK RQO\ D IHZ VXFFHVVLYH YDOXHV RI FRQVWDQW
DFFHOHUDWLRQ 7KH GHFHOHUDWLRQ SKDVHV DUH WUHDWHG WKH VDPHZD\ 6XFK NLQGV RI VLPSOLILFDWLRQV VHHP WR
KDYHQRRUDUHODWLYHO\ORZLPSDFWRQIXHOFRQVXPSWLRQ
*RLQJRQLQUHGXFLQJWKHQXPEHURIDFWLRQSRLQWVHOLPLQDWHVQRLVHZLWKORZIUHTXHQF\DQGRUKLJKHU
DPSOLWXGH )URP KHUH WKH SRVLWLRQ RI WKH DFWLRQ SRLQW DQG WKH VSHHG YDOXH VHHPV PRUH LPSRUWDQW






UHSODFHG E\ D SKDVH ZLWK GLIIHUHQW VXFFHVVLYH YDOXHV RI DFFHOHUDWLRQ ,I WKLV NLQG RI VSHHG SURILOH LV





7KH FRQFOXVLRQV WDNHQ IURP WKLV ZRUN WU\ WR JLYH D ILUVW DQVZHU WR WKH LPSDFWV RI XVLQJ VLPSOLILHG
LQVWHDG RI UHDO WUDMHFWRULHV DV DQ LQSXW IRU D IXHO FRQVXPSWLRQ PRGHO 7KH PDMRU REVHUYDWLRQ LV WKDW
VLPSOLILHGGULYLQJF\FOHVFDQVWLOOPDLQWDLQJRRGIXHOFRQVXPSWLRQHVWLPDWLRQ
$GHHSHUVWXG\PXVWFRQWLQXHWRLGHQWLI\PRUHSUHFLVHO\WKHEHVWNLQGVRIVLPSOLILFDWLRQVWKDWVKRXOGEH
DSSOLHGDFFRUGLQJ WR WKH VSHHGSURILOH7KLVFDQFRQWULEXWH WREHWWHUHVWLPDWH VSHHGSURILOHVFRQVLGHULQJ






/RJLF DQG 3UHOLPLQDU\ 5HVXOWV ,Q 7UDQVSRUWDWLRQ 5HVHDUFK %RDUG WK $QQXDO 0HHWLQJ:DVKLQJWRQ
'&3DSHU
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,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHPV 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 0RGHOV DQG
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